ABSTRACT Background: Dietary contribution to acid-base balance in early life may influence subsequent bone mineralization. Previous studies reported inconsistent results regarding the associations between dietary acid load and bone mass. Objective: We examined the associations of dietary acid load in early life with bone health in childhood. Design: In a prospective, multiethnic, population-based cohort study of 2850 children, we estimated dietary acid load as dietary potential renal acid load (dPRAL), based on dietary intakes of calcium, magnesium, phosphorus, potassium, and protein, and as a protein intake to potassium intake ratio (Pro:K) at 1 y of age and in a subgroup at 2 y of age. Bone mineral density, bone mineral content (BMC), area-adjusted BMC, and bone area were assessed by dual-energy X-ray absorptiometry at the median age of 6 y. Data were analyzed by using multivariable linear regression models. Results: After adjusting for relevant maternal and child factors, dietary acid load estimated as either dPRAL or Pro:K ratio was not consistently associated with childhood bone health. Associations did not differ by sex, ethnicity, weight status, or vitamin D supplementation. Only in those children with high protein intake in our population (i.e., .42 g/d), a 1-unit increase in dPRAL (mEq/d) was inversely associated with BMC (difference: 20.32 g; 95% CI: 20.64, 20 .01 g). Conclusions: Dietary acid load in early life was not consistently associated with bone health in childhood. Further research is needed to explore the extent to which dietary acid load in later childhood may affect current and future bone health.
INTRODUCTION
Peak bone mass depends on bone mass accrual during childhood, puberty, and early adulthood and is the major determinant of fracture risk and osteoporosis risk later in life (1) . Approximately 20% of the variability in bone mass accrual during childhood and adolescence can be explained by environmental and lifestyle factors such as physical activity and nutrition (2, 3) . One nutritional factor that is suggested to influence bone mass is dietary acid load, the dietary contribution to plasma acid-base balance (4) . Mild and chronic metabolic acidosis as a result of a diet rich in acid-forming nutrients, such as cheese, fish, meat, and grain products, may interfere with optimal bone mineralization (5, 6) . Acidosis induces osteoclast-mediated bone resorption, resulting in dissolution of bone mineral in an attempt to maintain acid-base homeostasis (5, 7) . Thus, during skeletal growth, dietary acid load may affect bone mass accrual and indirectly increase the risk of osteoporosis later in life (8, 9) .
A number of observational studies in children and adults have reported inverse associations between dietary acid load and bone mass (10) (11) (12) (13) (14) (15) (16) (17) . However, in a systematic review and meta-analysis of 55 trials and prospective observational studies, it was concluded that the current evidence did not support a causal association between dietary acid load and osteoporosis risk in adults (18) . The evidence in younger populations is scarce; only a few studies have been performed in healthy children and adolescents, with inconsistent results, and not much is known about the effects of dietary acid load on bone mass in younger children or in children with a non-European background (10) (11) (12) 19) . Therefore, we examined the associations between dietary acid load at the age of 1 y, as well as in a subgroup of children aged 2 y, and bone health [bone mineral density (BMD), 7 bone mineral content (BMC), and bone area (BA)] measured at age 6 y in 2850 children participating in a multiethnic, population-based, prospective cohort study in Rotterdam, Netherlands. Furthermore, we investigated whether the associations differed by sex, ethnicity, weight status, vitamin D supplementation, protein intake, or calcium intake.
METHODS

Design
This study was embedded in the Generation R Study, a multiethnic, population-based, prospective cohort study from fetal life onward in the area of Rotterdam, Netherlands. All mothers who were resident in the study area and had a delivery date from April 2002 through January 2006 were eligible to participate. The design and details of this cohort study have been described in detail elsewhere (20) . A food-frequency questionnaire (FFQ) was implemented from 2003 onward and was sent to 5088 mothers who were capable of understanding the Dutch language and provided consent for postnatal followup. In total, 3650 mothers (72%) returned the questionnaire (21) . Information on nutrition at 1 y of age was available in 3629 children, of whom 3550 were singleton live births. Of those, 2922 children participated in the 6-y visit, and dual-energy Xray absorptiometry (DXA) scans were performed successfully in 2850 children ( Figure 1 ). Mothers of a subgroup of the cohort, consisting of Dutch children only, received an additional FFQ around their child's age of 2 y (20, 22) . This FFQ was completed for 844 children, of whom 688 had bone data available at 6 y (Supplemental Figure 1 ).
Dietary assessment
Parents received an FFQ for their child around the age of 1 y (median age: 12.9 mo; 95% range: 12.2-19.0 mo). The FFQ, developed for children in the second year of life, consisted of 211 food items, as described previously in detail (21) . The FFQ was validated against 3-d 24-h recalls in a representative sample of Dutch children aged 14 mo (n = 32) (21) . Mean daily values for each nutrient were calculated by using the Dutch Food Composition Database 2006 (23) . An almost identical FFQ was completed for a subgroup of Dutch children around the age of 2 y (median age: 24.9 mo; 95% range: 24.3-27.6 mo). This FFQ, consisting of 230 food items, included fewer items on specific types of infant formula compared with the FFQ at the age of 1 y (22).
Dietary acid load
We estimated dietary acid load by using 2 different approaches, based on previous studies in childhood populations (24, 25) . First, we used the dietary potential renal acid load (dPRAL), a physiologically based calculation model that accounts for protein sulfur content and sulfur metabolism, and considers a reference coefficient value for the fractional intestinal absorption of calcium, magnesium, phosphorus, potassium, and total protein intake. dPRAL allows a reliable estimation of the net endogenous acid production of nonorganic acids from dietary components (6). We did not consider potential organic acid production because this is a diet-independent component of net acid excretion (26) . Dietary intakes of the relevant minerals and protein were derived from the FFQ, and dPRAL (mEq/d) was estimated by using the following algorithm developed by Remer et al. (24 
BMD measurements
Bone measurements in childhood were conducted at the research center in the Erasmus University Medical Center-Rotterdam at a median age of 6.0 y (95% range: 5.7-6.6 y). Total body bone mineral density was measured by using a DXA densitometer (iDXA; General Electrics-Lunar), following procedures described in detailed previously (27) . We used measurements from the total body less head as the region of interest for all analyses and corrected for body height and weight as recommended by the International Society for Clinical Densitometry for the measurement in children (28) . BMD measured by DXA was expressed as BMC (mg) per projected bone area (cm 2 ). BMC was calculated from BMD by using the projected BA. Area-adjusted BMC (aBMC) was derived as a measure of volumetric BMD by using linear regression to adjust BMC for BA and adding the residuals to the mean BMC (29) .
Covariates
Information on maternal age and educational attainment was obtained by using a questionnaire at enrollment. Maternal weight and height were measured at enrollment (while pregnant) without shoes and heavy clothing, and BMI was calculated (in kg/m 2 ). Gestational age at birth, infant sex, and birth weight were obtained from midwife and hospital registries. Sex-and gestational age-specific SD scores for birth weight were calculated by using Swedish reference data (30) . Child ethnicity was obtained with a questionnaire at enrollment and was defined according to the classification of Statistics Netherlands based on country of birth of the parents (31) . Child ethnicity was categorized into European descent (Dutch, Turkish, Moroccan, other European, American, and Oceanic), African descent (Antillean, other African, SurinameseCreole, and Cape Verdean), and Asian descent (Indonesian, other Asian, and Surinamese-Hindu) according to the 3 largest ancestral groups. Children were classified as Dutch if both parents were born in the Netherlands. Formula intake (yes/no) and vitamin D supplementation (yes/no) of the child were assessed at age 1 y by using the previously mentioned FFQ. At age 6 y, total body fat mass and lean mass were derived from the DXA scans, thereby excluding the contribution of bone mass to the child's weight. Child height was measured to the nearest 0.1 cm, without shoes. Lean mass fraction was obtained from the DXA scan by dividing total lean mass (kg) by total weight at DXA (kg). Child weight status (underweight, normal weight, and obese) was determined by using the International Obesity Task Force BMI cutoffs (32) . Participation in sports (yes/no), as an indicator of physical activity, was assessed by questionnaire at age 6 y.
Statistical analysis
Dietary potential renal acid load was adjusted for total energy intake by using the residual method (33) . Briefly, we used linear regression analysis to calculate energy-adjusted dPRAL residuals for each subject, with energy intake as an independent variable and dPRAL as a dependent variable. Subsequently, the predicted dPRAL for the mean daily energy intake was added as a constant (33) . Energy-adjusted dPRAL was divided into tertiles, using the lowest tertile as the reference category. Similarly, the Pro:K ratios were adjusted for total energy intake by normalizing the value to a standard total energy intake of 1200 kcal/d by using the residual method (22) . We examined the partial correlations between dPRAL and Pro:K ratios for children with nutritional data at 1 and 2 y of age, adjusting for child sex and time interval between the dietary assessments. Spearman r correlation coefficients were examined to evaluate whether dPRAL was associated with the intake of fruit, vegetables, or dairy products. Differences in subject characteristics between dPRAL tertiles were compared by using x 2 tests for categorical variables, ANOVA for continuous variables with a normal distribution, and the Kruskal-Wallis test for continuous variables with a skewed distribution.
We used linear regression models to examine the associations of dPRAL with BMD, BMC, aBMC, and BA by using dPRAL as a continuous variable and categorized into tertiles. The associations between ratios of total, animal, and vegetable protein to potassium intake (Pro:K ratios) with bone mass were also analyzed by using linear regression models. For all linear regression analyses, we ran 2 models: a basic model (model 1), adjusted for child's sex, ethnicity, age at visit, and height at visit, and a multivariable model (model 2), which also adjusted for maternal BMI, educational attainment, child birth weight z score, total energy intake, vitamin D supplementation, fat mass plus lean mass at visit, lean mass fraction, and participation in sports. These covariates were selected on the basis of previous literature or a strong association with the outcome and were kept in the multivariable model in case of a .10% change in effect estimates.
Tests for trend were carried out by entering the categorical variable of dPRAL as a continuous variable in the multivariable linear regression models. In addition, we examined the associations between dietary acid load and bone mass in a subgroup of children with information on dietary acid load at age 2 y (n = 688). To evaluate whether the associations between dietary acid load and bone mass differed according to several subject characteristics, we evaluated statistical interaction by adding the product term of the variables of interest and dPRAL as an independent variable to the multivariable models. We tested interaction terms for child's sex, ethnicity (European, African, and Asian), vitamin D supplementation (yes/no), protein intake, calcium intake, and weight status (underweight, normal weight, and obese), because these variables have been shown to be strongly associated with bone health and/or diet (16, 34) . High and low protein intake was defined as .42 g/d and ,42 g/d, respectively, according to the mean intake in our population. Likewise, high and low calcium intake was based on the estimated average requirement and the Recommended Dietary Allowance of calcium intake in young children (600 mg/d) (35) . Stratified analyses were conducted in case of a statistically significant interaction (P , 0.05). We performed sensitivity analyses in which we excluded children who still received a substantial amount of infant formula (i.e., .500 kcal/d), those with implausible values of total energy intake (i.e., ,500 and .3000 kcal/d), or children who were born prematurely (i.e., ,37 wk). On the basis of a population for analysis of 2850 subjects, we were able to detect a mean difference of 2.34 mg/cm 2 in BMD, 4.49 g in BMC, 1.89 g in aBMC, and 5.26 cm 2 in BA (type I error of 5%, type II error of 20%; power of 80%) for continuous normally distributed outcomes (36) . We applied multiple imputation (10 imputations) for covariates with missing values on the basis of the correlation between the variables with missing values and other subject characteristics (37) . The amount of missing values ranged from 0.1% for gestational age to 9.4% for maternal educational attainment. Missing values were multiple imputed according to the fully conditional specification method (predictive mean matching), assuming no monotone missing pattern. We report the pooled results of the analyses performed in each of the 10 imputed data sets. Statistical analyses were performed with SPSS version 21 for Windows (SPSS Inc.).
RESULTS
Subject characteristics
Children at the age of 1 y had a mean 6 SD energy-adjusted dPRAL of 23.9 6 6.9 mEq/d, TPro:K ratio of 0.83 6 0.13 g/mEq, APro:K ratio of 0.52 6 0.14 g/mEq, and VPro:K ratio of 0.30 6 0.09 g/mEq. Subject characteristics according to dPRAL tertiles are presented in Table 1 . Most mothers were highly educated (57.2%), and the majority of the children were of European descent (86.0%). BMC, BMD, aBMC, and BA were similar across dPRAL tertiles. Children with a higher dietary acid load were heavier, consumed less fruit and vegetables, consumed more dairy products, and had lower breast milk and formula intake at FFQ assessment than those with lower dietary acid load. Mean protein and mineral intakes were above dietary recommendations but comparable to the results from the Dutch National Food Consumption Survey in young children (38) (see Supplemental Table 1 ). Correlation coefficients between dPRAL, Pro:K ratios, and intakes of fruit, vegetables, and dairy products, adjusted for sex and time interval between dietary assessments, are presented in Supplemental Table 2 .
Dietary acid load at 1 y and bone mass
In basic models (model 1) or after further adjustment for maternal and child factors (model 2), dPRAL was not associated with BMD, BMC, aBMC, or BA in childhood ( Table 2) . TPro:K, APro: K, and VPro:K ratios were not associated with BMD, BMC, aBMC, or BA in basic models or after adjustment for maternal and child factors ( Table 3) . Similar results were obtained in sensitivity analyses in which we excluded children who still received a substantial amount of infant formula (n = 387), children with implausible values of total energy intake (n = 33), or children who were born preterm (n = 122) (see Supplemental Tables 3-5) . Furthermore, the associations between dietary acid load and the distinct skeletal parameters did not differ by child's sex, ethnicity, weight status, or vitamin D supplementation (P-interaction . 0.05).
In analyses stratified for total protein intake (P-interaction for BMD = 0.09, BMC = 0.02, aBMC = 0.19, and BA = 0.26), in the subgroup of children with high protein intake in our population (i.e., . ; P-trend , 0.01) than did children in the lowest tertile. No associations between dPRAL and bone outcomes were observed in the group of children with low protein intake ( Table 4) . When we examined the associations between Pro:K ratios and bone outcomes in analyses stratified for total protein intake, in children with higher protein intake, only the TPro:K ratio was inversely associated with BMC (difference: 22.00 g; 95% CI: 23.69, 20.30 g; P-interaction = 0.02). No associations were observed for APro:K or VPro:K ratios and bone mass or in the subgroup of children with lower protein intake (Supplemental Table 6 ).
Dietary acid load at 2 y and bone mass
Dietary acid load was examined in a subgroup of Dutch children with information at 2 y of age (n = 688). Children had a mean 6 SD energy-adjusted dPRAL of 0.51 6 7.21 mEq/d, TPro:K ratio of 0.90 6 0.15 g/mEq, APro:K ratio of 0.54 6 0.14 g/mEq, and VPro:K ratio of 0.36 6 0.09 g/mEq. Dietary characteristics according to dPRAL tertiles are presented in Supplemental Table 7 . Children aged 2 y showed similar intakes of fruit, vegetables, dairy products, protein, and minerals to those observed at 1 y of age. In line with dietary acid load at age 1 y, dietary acid load at 2 y was not consistently associated with bone mass at school age (all P-trends . 0.05). Only children in the second tertile of dPRAL had a higher BMD (difference: 6.95 g; 95% CI: 1.29, 12.61 g; P-trend = 0.47), BMC (difference: 7.38 g; 95% CI: 0.60, 14.17 g; P-trend = 0.38), and aBMC (difference: 6.17 g; 95% CI: 0.44, 11.92 g; P-trend = 0.47) than those in children in the lowest tertile of dPRAL, after adjustment for maternal and child factors (Supplemental Table 8 ). Also, the VPro:K ratio was associated with a higher BA (difference: 3.98 cm 2 ; 95% CI: 0.36, 7.60 cm 2 ; P , 0.05), but no associations were observed between TPro:K and APro:K ratios and bone mass (Supplemental Table 9 ).
DISCUSSION
In this population-based prospective cohort study, dietary acid load in early infancy, estimated as dPRAL and Pro:K ratios, was not consistently associated with childhood bone mass.
The impact of dietary acid load in early life on bone mineralization in children has been studied scarcely. Only a few prospective studies investigated these associations, with inconsistent results (10-12, 16, 19) . In 757 Chinese girls aged 10 y, dPRAL was inversely associated with BMD of the distal forearm (16) . In a cohort of 229 German children aged 6-18 y, dPRAL and urinary potential renal acid load (PRAL) collected over a period of 4 y were inversely associated with BMC and cortical DIETARY ACID LOAD AND CHILDHOOD BONE HEALTH area of the forearm bone (10, 11) . In another study from the same cohort, within 107 prepubertal children, dPRAL in the 4 y before bone analysis was not associated with BMC, cortical area, or specific indicators of bone stability at 8 y of age (19) .
Despite the large number of studies in adult populations (14, 15, (39) (40) (41) (42) , there is insufficient evidence to suggest that dietary acid load has a detrimental effect on bone health (18) . Furthermore, some of the previous studies that have reported on dietary acid load and bone health were performed in specific populations [i.e., postmenopausal women (14, 40) and those with fracture history (42), type 2 diabetes (39), or an increased risk of cardiovascular disease (39) ], limiting the generalizability of their findings. In addition, other factors such as age, sex, hormonal status, health status, protein, and calcium intake may explain the reported associations between dietary acid load and bone mass (13, 43, 44) . For example, in 3988 participants of the Framingham study, inverse associations between dPRAL and BMD of femoral neck and lumbar spine were observed only in elderly men but not in middle-aged men or in women (44) . In a cohort study in the United Kingdom in 14,563 subjects aged 42-82 y, high PRAL was associated with lower bone ultrasound attenuation, a predictor of fracture risk (45) , in women but not in men (43) . However, in our study, the associations between dietary acid load in early life and bone mass in childhood did not differ by sex, ethnicity, weight status, vitamin D supplementation, or calcium intake.
Protein intake is another factor that may influence the relation between dietary acid load and bone mass (46) . Protein intake is 1 Values are based on linear regression models and reflect the difference and 95% CI for each tertile of dPRAL compared with the lowest tertile. Values for dPRAL continuously reflect a difference per 1-unit increase (per 1 mEq/d) in dPRAL. Tests for trend were carried out by entering the categorical variable of dPRAL as a continuous variable in the multivariable linear regression models. Model 1 adjusted for child sex, age at dual-energy X-ray absorptiometry, height at dualenergy X-ray absorptiometry, and child ethnicity. Model 2 adjusted for variables in model 1 and maternal BMI, educational attainment, child birth weight z score, total energy intake, vitamin D supplementation, fat mass plus lean mass at visit, lean mass fraction, and participation in sports. All results were nonsignificant at the P , 0.05 level. aBMC, area-adjusted bone mineral content; BMC, bone mineral content; BMD, bone mineral density; dPRAL, dietary potential renal acid load.
2 b; 95% CI in parentheses (all such values). 1 Values are based on multiple linear regression models and reflect the difference and 95% CI per 0.1-unit increase in protein intake to potassium intake ratio (per 0.1 g/mEq). Model 1 adjusted for child sex, age at dual-energy X-ray absorptiometry, height at dual-energy X-ray absorptiometry, and child ethnicity. Model 2 adjusted for variables in model 1 and maternal BMI, educational attainment, child birth weight z score, total energy intake, vitamin D supplementation, fat mass plus lean mass at visit, lean mass fraction, and participation in sports. All results were nonsignificant at the P , 0.05 level. aBMC, area-adjusted bone mineral content; APro, animal protein; BMC, bone mineral content; BMD, bone mineral density; K, potassium; Pro, protein; TPro, Total protein; VPro, vegetable protein.
2 b; 95% CI in parentheses (all such values). strongly related to bone metabolism because it promotes intestinal absorption of calcium and increases the release of insulinlike growth factor 1 (40, 47, 48) . Dietary protein has been found more beneficial than detrimental for bone health (49) . The evidence supports that protein intake is essential during skeletal development and might be more relevant than dietary acid load (18, 50) . On the other hand, it has been proposed that the anabolic effect of protein may be diminished if dietary acid load is high (10) , particularly that from sulfur-containing amino acids such as cysteine and methionine (51) . In contrast, a randomized controlled trial in 16 postmenopausal women reported that compared with a low-protein, low-PRAL diet, a high-protein, high-PRAL diet increased dietary calcium absorption and showed no adverse effects on distinct parameters of bone health (40) . In our population, in children with high protein intake, higher dietary acid load was associated with a lower BMC. However, because of the large number of tests performed, these findings from additional analyses may be attributable to chance. Finally, it has been suggested that the associations between dietary acid load and bone are influenced by calcium balance (12, 16, 17, 34, 52) . It could be speculated that individuals may be susceptible to the effect of dietary acid load when calcium intake is inadequate. In a study of 2125 elderly US men and women, dPRAL was inversely associated with BMD of the proximal femur only in a subgroup of men with dietary calcium intake ,800 mg/d but not in subjects with higher calcium intake (13) . Likewise, in 36,217 women aged 40-65 y, higher dietary acid load was associated with an increased risk of fracture only in those in the lowest quartile of calcium intake (,400 mg/d) (34) . A study of 154 German children aged 6-18 y observed that in only those children with higher urinary PRAL, urinary calcium excretion within the physiologic range (,4 mg in total or ,0.1 mmol/kg) was associated with lower BMD, BMC, and cortical area (12) . In our study, the associations between dietary acid load and bone health were similar in both low-calcium and high-calcium intake groups. This might be because most of the children had adequate calcium intake, and only a small number (9.5%) had calcium intake below the recommendations.
The null associations between infant dietary acid load and childhood bone mass might be related to several factors. First, the time period between the dietary assessment and measurement of bone mass was wide (i.e., mean 6 SD: 4.8 6 0.2 y). Several nutrients and other lifestyle factors known to influence the growing skeleton during the first years of life (i.e., calcium intake, vitamin D, and physical activity) may counterbalance the potential effect of higher dietary acid load in early life. However, Values are based on linear regression models and reflect the difference and 95% CI for each tertile of dPRAL compared with the lowest tertile. Values for dPRAL continuously reflect a difference per 1-unit increase (per 1 mEq/d) in dPRAL. Tests for trend were carried out by entering the categorical variable of dPRAL as a continuous variable in the multivariable linear regression models. Model 1 was adjusted for child sex, age at dual-energy X-ray absorptiometry, height at dual-energy X-ray absorptiometry, and child ethnicity. Model 2 was adjusted for variables in model 1 and maternal BMI, educational attainment, child birth weight z score, total energy intake, vitamin D supplementation, fat mass plus lean mass at visit, lean mass fraction, and participation in sports. P-interaction of dPRAL and dietary protein intake for BMD = 0.09, BMC = 0.02, aBMC = 0.19, and bone area = 0.26. *P , 0.05. aBMC, area-adjusted bone mineral content; BMC, bone mineral content; BMD, bone mineral density; dPRAL, dietary potential renal acid load.
evidence suggests that health habits in infancy, including those more or less desirable, will carry over into later childhood (53) (54) (55) . Second, in our study, children had on average an adequate intake of all nutrients influencing bone health and a balanced diet (neutral) in terms of acidity; therefore, we cannot draw conclusions about the effects of extremely high or low dietary acid load in early childhood in relation to bone health. Finally, our population consisted of healthy children, and under normal conditions, metabolic mechanisms are normally effective to compensate the small influence of diet on plasma pH (56) .
The strengths of this study rely on the prospective design and detailed collection of information on potential maternal and child confounding variables. The cohort comprises various ethnic groups, allowing us to study children of different ethnicities. To our knowledge, this is the largest population-based study reporting on dietary acid load in early life in relation to bone mass measured by DXA in prepubertal children. The limitations of the present study should also be mentioned. First, no dietary method can measure dietary intakes without error. To account for variation in nutrient intakes, we adjusted dietary acid load for total energy intake. In addition, similar results were obtained in a sensitivity analysis in which children with implausible values of total energy intake were excluded. Second, although we did consider participation in sports, we did not have information on physical activity levels or weight-bearing activity, as well as other factors that may affect bone development, such as sunlight exposure, hormones, and calcium supplementation. Finally, a DXA scan provides a 2-dimensional image. Thus, it does not account for the depth of the bones being measured (57) . In children, accuracy of the BMD measurement is highly influenced by growth and body size (58) . For this reason, errors might be introduced if BMC per unit projected area is not adjusted properly for a child's body size (59) . Therefore, we adjusted our models for child anthropometric measurements, and we used area-adjusted BMC. In addition, DXA cannot distinguish cortical from trabecular bone compartments. Hence, no information is obtained concerning bone material distribution or quality.
In conclusion, in this multiethnic population-based cohort study, we observed that dietary acid load in infancy was not associated with bone mass in childhood. This suggests that dietary acid load may not affect bone development to the same extent as other known nutritional factors in early life. Further research is needed to explore whether dietary acid load in early life represents a risk factor of reduced bone mass accrual and osteoporosis later in life and whether it is associated with other health outcomes.
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